Characterization of the internal calcium(II) binding sites in dissolved insulin hexamer using europium(III) fluorescence.
The fluorescence of Eu(III) is used to study the nature of the Ca(II) binding sites in the central cavity of the two-zinc(II) insulin hexamer. The dependence of the Eu(III) fluorescence lifetime upon Eu(III) stoichiometry indicates that there are three identical Eu(III) binding sites present in the two-zinc(II) insulin hexamer in solution. Addition of excess Ca(II) causes a decrease in the Eu(III) fluorescence intensity, confirming that Ca(II) competes for the observed Eu(III) sites. The solvent dependence of the Eu(III) fluorescence lifetime (H2O vs. D2O) indicates that four OH groups are coordinated to each Eu(III) in the hexamer. Substitution of Co(II) for Zn(II) causes a decrease in the Eu(III) fluorescence lifetime. Calculations based on Förster energy-transfer theory predict that the Co(II) [or Zn(II) in vivo] and Eu(III) [or Ca(II) in vivo] binding sites are separated by 9.6 +/- 0.5 A. Variation of the metal stoichiometries indicates that all three Eu(III) [or Ca(II) in vivo] sites are equidistant from the Zn(II) sites. We conclude that these sites are identical with the three central Zn(II) sites present in insulin hexamer crystals soaked in excess Zn(II) [Emdin, S. O., Dodson, G., Cutfield, J. M., & Cutfield, S. M. (1980) Diabetologia 19, 174-182] and suggest that these central sites are occupied by Ca(II) in vivo.